The study of real adoption impact (RAI) measure of technologies on tomato production at farmers' level revealed that there was a positive and significant relationship between yield and the values of RAI which was calculated utilizing the degrees of deviations between standard recommendations for tomato and their level of application at farmers' field. This study implies that the higher value of RAI resulting from more proper adoption of tomato technologies would give higher yield. It was found from the estimated model that 1 percent higher value of RAI would give more than 4 percent greater tomato yield. From this model it was also found that the expected yield gap and observed yield gap of tomato were much greater than that of estimated yield and observed yield indicating a scope to increase the yield of tomato. These results exclusively indicate to a situation where tomato farmers were in complete knowledge of the technologies but they were not using recommended doses of inputs and also management practices properly and completely in production system. As a result they could not reap the yield like research station yield of 80 t/ha. The farmers were getting about 1/4th yield on an average and made a sharp and big yield gap of tomato between on station and farmers' field. It calls for an intensive extension work focused on tomato technologies and timely support with required inputs with a view to minimize the yield gap for national interest.
Introduction
Different standard recommendations related to different technologies in agricultural sector are available for different crops. It is also usual and has been observed that the farmers are deviating from recommendations in adopting technologies due to their different level of technical know-how and resource endowment. In case of tomato (Lycopersion esculentum Mill) crop production and adoption of different technologies, there is no exception in Bangladesh. Tomato is a nutritious vegetable crop generally grown in the winter season (DecemberApril) in Bangladesh. It is the most popular vegetable and acts as a source of vitamins and minerals (Table I) . It contains a number of nutritive elements almost double compared to fruit apple and shows superiority with regard to food values. It is consumed as a raw salad, cooked or as processed food item such as Sauce, Ketchup, Jam, Jelly, Pickles Soup etc. Tomato has originated in Peruvian and Maxican regions and come from tropical America and spread to other parts in the World in 16th century. It was perhaps introduced into Indian Sub-Continent by the Portuguese (Das. 1993) . However, it is grown both at homestead gardens for fresh consumption and commercially at the field in many parts of Bangladesh. The products produced domestically can not meet up the year round demand of the consumers in the market and also at the processing factories especially in the summer there is a demand and showed higher market price in the country. The consumption and utilization level side by side demand for tomato have been increasing day by day. This higher demand and market price have drawn attention of the government and expert groups who have started realizing its importance. So, to make available tomato year round domestically some exotic varieties of tomato have been selected through research and development program during last decade. To meet up local demand Bangladesh Government have also been importing tomato from the neighboring countries. Government imported 9395.14 m. t of tomato in exchange of TK. 1503 millions from foreign countries in the year 2000 -2001 (BBS. 2004 ).
It was found that about 120 thousand m. t of tomato was utilized at national level in Bangladesh as estimated from the time series data in [2003] [2004] and it was obtained only from domestic production. It was also observed from this data on tomato consumption over 12 years that the quantity utilized has been increasing with a positive growth rate of 7 % per annum and the coefficient of variation was about 11 percent. The average wholesale price of tomato (Tk/m. t) during this period was also increased with a growth rate of positive 13.6 percent per annum and its variation was in high order with a CV. of about 56 % year to year Shiblee, 2001-2005) . It was also found that the demand in the Bangladesh market for tomato has been increasing and year to year the quantity imported varied by a CV. of 172 percent and also have very low yield of 6.69 t/ha at national level in [2003] [2004] . One of the main reasons for such poor yield of tomato could be attributed to farmers' general adoption of improved technologies at a lower level. On the other hand, the existing market demand for tomato in Bangladesh calls for a big effort in production system for boosting up the tomato production level. Side by side, the present situation also demands the dissemination of improved technologies of this crop to the farmers through different agencies in Bangladesh.
Several Extension Education researches with adoption of recommended production practices by the farmers mainly in cereals and fiber crops showed that there is a positive relationship between farmers' technical know-how and adoption of agricultural innovations (Razzaque, 1977 , Hossain,1981 . However, real adoption impact measures of tomato technologies on production at farmers' level are lacking. As such, study has become necessary to identify the real adoption impact and the degree of deviations in adopting the technologies of tomato crops with proper weights. In this field, it is considered that mere use of any technology will not be appropriate for considering adoption of the technology and it will be better to define the adoption of a new technology as the complete and proper use of the recommended technologies or practices. Keeping this in view, a study was undertaken to measure the "Real Adoption Impact (RAI)" of tomato technologies on its production at farmers' level with the following objectives. 
Objectives

Materials and Method
Derivation of RAI
To derive the measure of RAI an attempt was made using the deviation proportions like mean of the deviation proportion, standard deviation (s. d) of deviation proportion etc., (Spiegel M. R., 1961) . However, standard deviation was seemed to be inappropriate in this respect, because cases might arise where deviation proportions were very high in magnitude with a very small scattered ness or deviation. Under this circumstance, the standard deviation value of deviation proportions was very small which implied a high impact of adoption though the actual situation was different, to specific just opposite. Therefore, it was preferred to use the mean of deviation proportions in this measure. The RAI measure derived was as followed.
Inputs recommended (in proper unit) r 1 , r 2 , ------, r n . Deviation proportions:
Where, n = number of technologies considered by the tomato farmers in practice ; N = number of major technologies considered in the study; and
Now, those farmers who are using the tomato technologies as per recommendations i.e., who are adopting technologies completely and properly, in this context, will have deviation proportions equal to zero i.e., where r i = Pi for all (i = 1, 2,------N ). Then all Ri = 0 (Zero) and leading RAI = α (infinity), the complete adoption case. But on the other way RAI will be 0 (zero) when n is zero i.e., no adoption case. Other values of RAI will be remained within 0 (zero) to α (infinity). Thus the range of RAI is zero to infinity. Generally a large value of RAI will lead to a situation of more adoption of technology and RAI defined in equation (1) was used as a measure of adoption.
RAI is better in the sense that it helps to measure the degree of deviation in the farmer's actual practices from the research station recommendations. It is basically relied on the application of conventional mathematical relation in existing farmers' circumstances (Barman and Islam, 2005) . After getting RAI a statistical test for the correlation between RAI(X) and observed yield (Y) of particular crop may be performed. On acceptance of a positive correlation between RAI and observed yield a simple regression equation can be fitted considering yield (Y) as a dependent and RAI (X) as the independent variable for identifying the extent of effect of RAI on tomato yield.
Data collection
To study the nature of RAI on Ratan tomato production at the farmers' level necessary data were collected from tomato farmers who cultivated Ratan tomato in four Upazillas namely Hathazari, Comilla Sodar, Bagharpara and Nagarpur in Chittagong, Comilla, Jessore and Tangail districts respectively in Bangladesh. Ratan variety of tomato is resistant to bacterial wilt and widely suited to grow in winter session in Bangladesh. It is relatively flashy compared to other tomato variety and has attractive reddish color . However, from each of the four study areas 15 tomato farmers were chosen for this study irrespective of farm size groups and taken for collective analysis for identifying average performance. So the total sample size for this study in four Upazillas consisted of 60 tomato cultivators in four dis-tricts who cultivated the Ratan tomato variety. Study sample was drawn in purposive simple random sampling procedure from a list of 537 tomato farmers in four districts. Data on different aspects of tomato production and level of inputs used different management practices and technology used etc, were collected through direct interview and survey method a / using a pre-tested questionnaire during the period of two and half months harvesting and after harvesting time in 2005.
Some relevant Data were also collected from secondary sources. In this study, the technologies recommended by Olericulture Division, HRC, BARI Joydebpur were listed and the average yield of Ratan tomato (80.00 t/ ha.) in this center was recorded. For this study a total of twelve recommended technologies or management practices such as number of ploughing (T 1 ). number of laddering (T 2 ), per hectare rate of manure (T 3 ), per hectare rate of Urea (T 4 ), TSP (T s ), MP (T 6 ), number of seedling per hectare (T 7 ), age of seedling (T 8 ), number of weeding (T 9 ) number of irrigation (T 10 ), number of plant protection measures (T 11 ), and per hectare dose of boron (T 12 ) were considered in this study. However, the technology gap between recommended and application of various technological inputs and management practices mentioned above in the study were calculated and presented in the Table II. The RAI was measured using equation (1) On the basis of this regression equation the expected yields (Y expt ) were obtained, then the expected yield (Y expt ) gaps and observed yield (Y obs ) gaps were calculated for studied farms for useful comparisons. The regression equation (2) would be helpful to predict the yield of Ratan tomato at the farmers' field once the capacity of the farmers to follow the recommended practices for cultivation of the crop is known and consequently the suggestions would be more effective for improving the tomato yield. Some statistical tools were also used in testing the findings in fulfilling the objectives of the study.
Results and Discussion
In the study of real adoption impact measure of tomato technologies on production it was found that the farmers used about a number of eleven technologies according to their level of endeavors and financial capacity in Ratan tomato cultivation in study areas. But tomato farmers were deviated from the recommendations in several degrees in the use of management practices and technological inputs in practical operations. In some cases, especially in the use of pesticide and irrigation water, about 33 % farmers Barman 19 ----------------a / = Survey Upazillas and Blocks were selected with the concern of Extension Officers and Field workers in respective Upazilla. +10000.00 +23750.00 -5000.00 +10000.00 +20000.00 +15000.00 +5000.00 +15000.00 +16667.00 -11667.00 +10000.00 +7500.00 +5833.00 +3750.00 +30000.00 +34600.00 +15000.00 +13000.00 +15000.00 +15000.00 +5000.00 +13000.00 +25000.00 +11250.00 followed recommended doses having zero deviation value (Table II) . Higher degree of deviation was observed with regard to the use of purchased inputs like fertilizer, seedlings and also manure etc, and the positive sign associated with individual deviation figure indicated that the tomato farmers were using less than that of the recommended level. While the negative sign associated with respective deviation figure reflected a level of input use slightly more dose in actual practices than the recommended doses. This deviation in the application of management practices and inputs use affected the tomato yield at the farmers' field.
However, a relationship was observed between yield of tomato and calculated value of RAI. In establishing the correlation between RAI (X) and observed yield (Y) of tomato, the value of r (correlation coefficient) was calculated and it was observed that r = 0.75. For testing the positiveness of value of r, statistical test was done taking t-distribution and the null hypothesis H o = 0, and tested it against the alternative hypothesis H 1 , > 0 at 1 percent level of significance. In t-distribution with (n-2) degrees of freedom (d. f) under 'Ho' with n number of paired observations (x, y) and r, the value of correlation coefficient, it was found that the t -observed (= 8.593) which was greater than the tabular t 01 , 58 (= 2.688). So, the null hypothesis Ho is rejected and the alternative hypothesis H 1 is accepted. i. e, there was a positive correlation between RAI and yield of the studied tomato farms. Therefore, on the acceptance of alternative hypothesis H 1 , a positive correlation between RAI and observed yield of tomato on studied farms was established. Now the regression equation between the value of RAI and Ratan tomato yield was obtained as followed.
Y = 8.869 + 4.336*** (X) SE = (0.5046) t-value = 8.593, r = 0.75 , R 2 = 0.56
The positive and significant coefficient at 1 percent level in the above estimated regression indicated that higher value of RAI (for X in this case) resulted from more accurate and proper adoption of tomato technologies and management practices in practical operation would give higher yield of tomato (column 4 in Table III) . This fitted regression model also indicated that if the tomato producers could increase the value of RAI by 1 percent using recommended tomato production technology packages completely and properly in production system would get more than 4 times higher yield. It revealed that the yield of tomato is significantly influenced by real adoption of technological inputs and management practices in production.
On the basis of this estimated regression model the expected tomato yields (Y expts ) were obtained and than the expected yield gaps and observed yield gaps of tomato were calculated for the studied farms and made useful comparison among them (Table III) . It was found that the expected yield gaps and observed yield gaps of the tomato farms were ----------------*** Significant at 1% level. much greater than that of estimated yield and observed yield on study farms and indicated a scope to increase the yield of tomato. This analysis also indicated that higher the value of RAI gave higher estimated yield and smaller yield gap However, these results exclusively indicated to a production situation of tomato on the farmers' field where producers were not using the recommended doses of inputs and also management practices properly and completely in production system. Although the farmers could knew almost all identified inputs and management practices, yet they were not applying them properly and completely. As a result yield of tomato at the farmers' field was much lower than that of research station yield in the same growing season and made a sharp and big yield gap. This situation demands intensive extension work and also timely support with required inputs for minimizing the yield gap in production.
Conclusion
In the measure of "Real Adoption Impact (RAI)" of technologies on tomato production at farmers' field it was found that there was a positive and significant relationship between yield and the values of RAI. It implied that the higher value of RAI resulting from proper adoption of technologies in cultivation would give higher tomato yield. It was found that the expected yield gaps and observed yield gaps of the tomato farms were much greater than that of estimated yield and observed yield on study farms indicating a scope to increase the yield of tomato. The analysis also indicated that higher value of RAI gave higher estimated yield and smaller yield gap This situation demanded more effective extension work with tomato technologies so that the farmers could use the technologies completely and properly with their present capacity for improving tomato yield over the present yield level and to minimize the yield gaps. The capacity of the farmers to follow the recommended practices in tomato cultivation was identified from this study. As this study revealed that the farmers were using almost all recommended technologies of HRC in tomato cultivation, yet they were not adopting production technologies completely and properly in real operations indicating lower degree of proper adoption of technologies compared to research station. As a result the farmers could not reap the tomato yield at the expected level. However, the findings of the study help the planners to have a more precise and adequate future tomato production plan at national level. At the present level of farmers' capacity, any suggestions for better production would be more effective in tomato production to get a comparatively higher yield in per unit of area. This recommendation could also be made with the sensitivity analysis of RAI with respect to a particular technology while keeping all other technologies constant at the standard level.
The real adoption impact study will also be helpful to predict the yield of tomato at the farmers' level when one knows the capacity of the farmers to follow the recommended practices. Consequently any suggestion for
